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Abstract: Wheat landraces could be unique sources of favorable genes for agronomic traits like yield and insect, pest, and
disease resistances, as well as quality characteristics that are important for breeding programs. Molecular marker systems
offer great opportunities to characterize wheat accessions, which in particular are not morphologically identifiable. In
this study, 20 bread wheat landraces collected from different regions of Turkey were characterized by using microsatellite
markers (SSRs) and morphological characters. Seventeen morphological characters were used. Fifteen SSR primers were
prescreened and the 7 most polymorphic primers were employed in characterization. The most polymorphic SSR loci
were Xgwm 95 and 295 with 11 alleles, followed by Xgwm 261 and 325 with 9 alleles. The total number of alleles was 63,
with an average number of 9 alleles. The dendrogram showed that the bread wheat landraces can be divided into 2 major
groups. Based on matrix values, the closest genotypes of landraces were TR 63445 and TR 63886 for molecular data,
and TR 37179 and TR 46797 for morphological data. On the other hand, the most genetically different genotypes were
TR 37179 and TR 3608 in the SSR analysis, and TR 14851 and TR 3608 in the morphological characterization. These
results showed that SSR markers and morphological characters could be successfully used in genetic characterization
and genetic diversity in bread wheat landraces that may be useful for wheat breeding programs as genetic resources.
Key words: Bread wheat, genetic diversity, landraces, microsatellite markers, morphological characters, Triticum
aestivum

Introduction
Wheat is one of the most important crops in the
world because of its nutritional value and important
role in daily energy intake. World wheat production
is almost entirely based on 2 species, common or
bread wheat (Triticum aestivum L.), which accounts
for about 90% of world production, and macaroni
or durum wheat (Triticum turgidum subsp. durum),

which accounts for the remaining 10% of wheat
production (1).
There are several different genetic resources
for wheat improvement. Among those, landraces
have been the preferred ones due to their ease of
crossing and their usual lack of dangerous linkage
drags. They are genetically homozygous but usually
heterogeneous because of nonintense selections by
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local growers. The characterization of landraces is
crucial for exploiting the genetic variability for traits
such as grain quality and resistance or tolerance
to biotic and abiotic stresses. Diversity in genetic
resources can be identified by several methods such as
morphological, biochemical, or molecular screening.
Morphological traits have been studied for the
determination of genetic diversity and selection
criteria in wheat breeding (2-6). The disadvantages
of morphological characterizations are their low
polymorphism, heritability, and sensitivity to
changes in environmental conditions. Morphological
characters are also often limited in number and
may be controlled by epistatic and pleiotropic gene
effects (5). Thus, these characters may not adequately
represent the genetic diversity among genotypes.
Molecular genetic markers have proven to be a
valuable tool for identifying landraces containing
genes that are frequently masked by undesirable
phenotypes. Microsatellites are one of the most
promising molecular marker types for screening
of a genetic stock. Simple sequence repeats (SSRs)
have many advantages over other markers such as
ease of analysis, abundance, codominance, high
reproducibility, and user friendliness (7-9). SSR
markers are highly polymorphic in wheat (7). The
genetic diversity studies in bread wheat (10-12) and
its landraces (13,14) have been characterized by
using SSR markers. Detection of genetic variation

and determination of genetic relationships between
wheat individuals and populations are important
considerations for the efficient conservation and
utilization of plant genetic resources (15).
The aim of this study was to screen some Turkish
bread wheat landraces collected from highly diverse
ecological regions in order to determine genetic
variability and relationship by using SSRs and
morphological characters.
Materials and methods
Plant materials
In this study, 20 bread wheat landraces were
characterized by using SSR microsatellite markers
and morphological characters. Accession numbers
and locations of the collected landraces are illustrated
in Table 1. The bread wheat landraces (Triticum
aestivum L.) were kindly provided by the Gene Bank
Department of the Aegean Agricultural Research
Institute, İzmir, Turkey. Additionally, a Mexican
wheat variety, Opata 85, was used as a reference plant
variety in molecular characterization. The geographic
distribution of the 20 bread wheat landraces is shown
in Figure 1.
Evaluation of morphological characters
Ten accessions from each bread wheat landrace
(a total of 200 genomes) were subjected to
morphological observations. The data obtained by

Table 1. The accession numbers and locations of landraces collected from different regions of Turkey.*

No.

Accession no.

Locations

No.

Accession no.

Locations

1

TR 3608

İzmir

11

TR 46797

Mersin

2

TR 14851

Samsun

12

TR 46804

Hatay

3

TR 32034

Kayseri

13

TR 50416

Şanlıurfa

4

TR 37179

Sinop

14

TR 50460

Adıyaman

5

TR 38899

Bolu

15

TR 53296

Sivas

6

TR 38902

Trabzon

16

TR 57999

Eskişehir

7

TR 38917

Manisa

17

TR 63445

Balıkesir

8

TR 40964

Diyarbakır

18

TR 63525

Antalya

9

TR 44424

Tokat

19

TR 63833

Ankara

10

TR 45308

Yozgat

20

TR 63886

Bursa

*The bread wheat landraces were obtained from the Aegean Agricultural Research Institute, Gene Bank Department, İzmir, Turkey.
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Figure 1. Geographic distribution of the bread wheat landraces in Turkey. The landraces were collected from 6
different geographical regions including 20 provinces.

combining 10 accessions from each landrace were
analyzed. Plants were grown in a greenhouse and
distributed randomly to minimize the environmental
effects. Data were recorded for 17 morphological
characters of randomly selected plants, as follows:
plant height, spike length, beak shape of lower glume,
shoulder shape of lower glume, hairiness of convex
surface of apical rachis segment, frequency of plants
with recurved flag leaves, anthocyanin coloration of
auricles of flag leaf, glaucosity of sheath of flag leaf,
ear density, ear glaucosity, ear color, awn presence,
length of awns at tip of ear, awn color, grain color,
grain shape, and glaucosity of neck of culm (Table 2).
The genetic distance matrix was computed by
using JMP software (5.0.1a, SAS Institute, 19892002). A dendrogram was constructed by clustering
the matrix using the unweighted pair group method
with arithmetic mean (UPGMA) by use of JMP
5.0.1a software.
DNA isolation and polymerase chain reaction
DNA was extracted from young leaves of each
accession according to the method of Doyle and Doyle
(16) with some modifications. DNA was isolated from
the leaves of the same accessions of each landrace that
was subjected to morphological observations. A total
of 15 microsatellite primers were prescreened and the
7 most polymorphic primers were used for molecular
characterization. The DNA of 10 accessions from each
bread wheat landrace was isolated and specific DNA

regions were amplified by polymerase chain reaction
(PCR) using SSR primers. The chromosomal location,
allele number, range of allele size, and PCR product
size of the bread wheat landraces and cultivar Opata
are shown in Table 3 (17).
PCR amplifications were performed according
to the method of Röder et al. (17) with some
modifications. PCR reactions were carried out in a
volume of 30 μL in a Thermo (Px2) thermal cycler.
PCR mixes contained 50 ng of wheat genomic
DNA, 0.25 μM of each primer, 0.2 μM dNTP mix,
2.5 μM MgCl2, 10X PCR buffer, and 0.5 units of Taq
DNA polymerase. The PCR cycling reactions were
hot started for 5 min at 95 °C. The 30 cycles were
performed as follows: 1 min at 94 °C, 1 min at 50-60
°C (different annealing temperatures of primers), 1
min at 72 °C, and a final extension step for 5 min at
72 °C. PCR products were separated on 8% denatured
polyacrylamide gels and visualized with ethidium
bromide. Electrophoresis was applied at 300 W of
constant power for 7-8 h, and 0.5X TBE buffer was
used as the running buffer during electrophoresis.
Statistical analysis
Polymorphisms among amplified bands were
determined by using the Vilber Lourmat Bio 1D
software, v.11.04. The SSR markers were scored for
the presence (1) or absence (0) of amplified bands.
Comparisons of genotypes and genetic relationships
between genotypes were estimated by Numerical
591
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Table 2. Morphological characters* evaluated in 20 bread wheat landraces.

No.

Characters

No. of detected variants

1

Plant length

5

2

Spike length

5

3

Beak shape of lower glume

5

4

Shoulder shape of lower glume

3

5

Hairiness of convex surface of apical rachis segment

5

6

Frequency of plants with recurved flag leaves

5

7

Anthocyanin coloration of auricles of flag leaf

5

8

Ear density

5

9

Ear glaucosity

5

10

Ear color

2

11

Awn presence

4

12

Length of awns at tip of ear

4

13

Awn color

4

14

Grain color

2

15

Grain shape

3

16

Glaucosity of neck of culm

5

17

Glaucosity of sheath of flag leaf

5

*Observed morphological characters were selected based on the cultivar registration criteria of the Ministry of
Food, Agriculture, and Animal Husbandry of Turkey.

Taxonomy and Multivariate Analysis System software
(NTSYSpc, version 2.1) (18). The program was used
to obtain dendrograms showing the genetic distance
among the genotypes.
SSR marker polymorphism rates were determined
using polymorphism information content (PIC)
values, which were calculated according to the
following formula: PIC = 1 − Σ P2i, where Pi is the
frequency of the ith allele (19).

Results
Microsatellite polymorphism
A total of 15 microsatellite primers were tested and 7
selected polymorphic primers were used in this study
(Table 3). For this aim, 10 different accessions from each
landrace (a total of 200 samples) were used. The allele
numbers and allele sizes of the primers are presented
in Table 4. The number of alleles detected by a primer

Table 3. Microsatellite markers used for diversity analysis and their molecular data.

Microsatellite loci Chromosomal location

592

Repeat type

Annealing temperature (°C) Opata PCR product size (bp)

Xgwm 18

1B

(CA)17GA(TA)4

50

188

Xgwm 95

2A

(AC)16

60

128

Xgwm 190

5D

(CT)22

60

201

Xgwm 261

2D

(CT)21

55

164

Xgwm 295

7D

(GA)25

60

254

Xgwm 325

6D

(CT)16

60

133

Xgwm 458

1D

(CA)13

60
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Table 4. Allele numbers and sizes of SSR primers used in the research.

Microsatellite loci

Number of alleles

Range of allele size (bp)

Obtained Opata PCR product size (bp)

PIC

Xgwm 18

7

180-210

189

0.75

Xgwm 95

11

105-136

130

0.87

Xgwm 190

8

205-235

220

0.80

Xgwm 261

9

160-196

166

0.85

Xgwm 295

11

195-250

235

0.78

Xgwm 325

9

132-149

136

0.76

Xgwm 458

8

103-129

114

0.77

Total

63

5.58

Average

9

0.79

ranged from 7 to 11 among the bread wheat landraces.
The most polymorphic microsatellite markers were
Xgwm 95 and 295 with 11 alleles (Figure 2), followed
by Xgwm 261 and 325 with 9 alleles (Figure 3). The
PIC values of the analyzed microsatellite markers
ranged from 0.75 to 0.87. The mean PIC value of all
SSR markers was 0.79 (Table 4). Xgwm 95 had the
highest number of alleles (11 alleles) per locus and the
highest PIC value (0.87). The lowest number of alleles
per locus and the PIC value were estimated to be 7 and
0.75 in Xgwm 18.

A dendrogram based on the relationship values
among the landraces was prepared using SSR
marker information (Figure 4). According to the
dendrogram, the bread wheat landraces were grouped
into 2 main sections, and these main sections were
separated into several subgroups. Group 1 consisted
of TR 32034, TR 37179, and TR 53296, while group
2 included all remaining landraces. The accession TR
37179 formed a subgroup, while TR 32034 and TR
53296 formed a different subgroup in group 1. In the
second group, the accession TR 46804 took place in
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53296

6
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8
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10

1

2
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Figure 2. The SSR marker profiles of landraces using Xgwm 95. As seen, the marker showed different polymorphism
patterns within landraces.
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50 bp
ladder
Bread Wheat Landraces

Figure 3. The SSR marker profiles of landraces using Xgwm 261. Clear polymorphisms are revealed by the marker
between landraces.

a separate subgroup, while 16 remaining landraces
formed a different subgroup.
Based on the matrix values, the closest genotypes
of landraces were TR 63445 from Balıkesir and TR
63886 from Bursa. On the other hand, the most
genetically different genotypes were TR 37179 from
Sinop and TR 3608 from İzmir. The results of the
study showed that bread wheat landraces have high
genetic variability.

Variations between accessions of landraces
were also established (Figure 2). For this aim, 10
different samples of each landrace were used. Genetic
differences within the landraces were significant.
Allele numbers of the primers used and the
dendrogram showed this variation. Similar results
were found by other researchers, as well (20-22).

3608 İzmir
14851 Samsun
45308 Yozgat
38899 Bolu
38902 Trabzon
50460 Adıyaman
57999 Eskişehir
40964 Diyarbakır
44424 Tokat
38917 Manisa
63445 Balısekir
63886 Bursa
63833 Ankara
50416 Urfa
46797 İçel
63525 Antalya
46804 Hatay
32034 Kayseri
53296 Sivas
37179 Sinop
0.52

0.69

0.77

0.84

2

1

0.92

Coefficient

Figure 4. Dendrogram prepared based on SSR marker data of 20 bread wheat
landraces.
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Analyses of morphological characters

Discussion

In this study, morphological data and molecular
data (SSR markers) were used to investigate the
genetic diversity among 20 bread wheat landraces.
The landraces were clustered into 3 major groups
according to morphological analysis (Figure
5). While 2 major groups consisted of 11 and 8
landraces, landrace TR 3608 formed a group by
itself. Landraces TR 37179 and TR 46797 were the
closest genotypes, and the most different ones were
TR 3608 and TR 14851 for morphological data.
One of the minor groups contained the landraces
from coastal cities (TR 14851, TR 46804, TR 37179,
and TR 46797), although these accessions were
grouped under different clusters based on the SSR
results. Cluster analysis based on the morphological
data assigned the landraces from 2 neighboring
cities (Kayseri and Sivas) into the same group. The
landraces from 3 neighboring cities (Eskişehir,
Bolu, and Ankara) were clustered together in a
major cluster. Lines TR 40964 from Diyarbakır, TR
63525 from Antalya, and TR 63445 from Balıkesir
clustered together in a minor group, and they were
not from the same region.

The results of the SSR analyses showed that bread
wheat landraces have high genetic variability. The
genetic variability of the landraces might be affected
by various factors in their locations. Selections made
by farmers according to aims of use may be the reason
for the genetic variability between the landraces across
locations (22). This might also be the main reason
for genetic differences between the locations among
collected genetic materials. Furthermore, the genetic
variability between landraces might be due to natural
selection such as ecological conditions, diseases, and
pests damages. The results of our study showed that
some landraces collected from the same locations or
locations close to each other are genetically similar
to each other. It was concluded in a different study
that the genotypes from the same geographic origin
were grouped in the same cluster, whereas landraces
from different locations were closely related or the
landraces from the same locations were distantly
related (22,23). Similar results on genetic diversity
in the molecular characterization of wheat landraces
were reported by Dreisigacker et al. (11), Yildirim et
al. (22), Strelchenko et al. (23), and Wei et al. (24).
Genetic differences within the bread wheat
landraces were significant. This result is expected and

14851 Samsun
46804 Hatay
37179 Sinop
46797 İçel
44424 Tokat
57999 Eskişehir
38899 Bolu
63833 Ankara
38902 Trabzon
32034 Kayseri
53296 Sivas
38917 Manisa
45308 Yozgat
50460 Adıyaman
40964 Diyarbakır
63525 Antalya
63445 Balıkesir
50416 Urfa
63886 Bursa
3608 İzmir

Figure 5. Dendrogram prepared based on morphological characters of bread wheat
landraces.
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desirable in landraces because they are genetically
heterogeneous but are pure lines (homozygotes). A
landrace population may have some advantages and
superiority for unexpected conditions, and this might
be a reason for having genetic variability in itself (25).
Turkey has many wheat landrace populations and
collections containing wide genetic variability. That
is why it is one of the most important countries as a
germplasm center for wheat (22,26).
Results also showed significant variation in
morphological traits and microsatellite DNA
polymorphisms among wheat landraces. It was
determined that there were low correlations
between the results of the SSR marker analysis and
morphological analysis. Three main reasons suggested
for the low correlation between DNA markers and
morphological characters are: 1) DNA markers cover
a larger proportion of the genome, including coding
and noncoding regions, than the morphological
markers; 2) DNA markers are less subjected to
artificial selection compared with morphological
markers (4,27); and 3) it can be assumed that the
screened SSR markers did not necessarily amplify the
DNA regions linked to the gene regions expressing
the morphological characters used in this study.

SSR markers would estimate genetic distance better
between 2 genotypes in contrast to the phenotypical
characteristics (28).
The results showed that SSR markers could be
successfully used in genetic characterization of wheat
landraces. The PIC values of all markers were found
to be higher than 0.5, which indicates that these
markers are valuable in detecting differences among
populations. McLauchlan et al. (29) obtained similar
results in hexaploid wheat and wild wheat relatives.
They determined that SSR markers were a very
useful tool for the estimation of genetic differences
and similarities among and within wheat landraces.
Similar results were also reported by other researchers
in tetraploid and hexaploid wheat (11,21,22,30-32).
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Morphological characteristics may be the results
of the coexpression of several genes and may show
closer phenotypical similarities due to selections
by local farmers based on similar phenotypes,
although they may have very distant genotypic
properties. Therefore, it could be assumed that the
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